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@ Photolithographic stripping method.

@ A method is provided for stripping a contrast enhance-
ment layer from the surface of a photoresist such as a
novolak-based resist without substantially altering its char-
acteristic properties for photolithographic applications. The
CEL composite photoresist is immersed or freated with
toluene or a mixture thereof in a particular manner.
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PHOTOLITHOGRAPHIC STRIPPING METHOD

Cross Reference to Related Applications

Reference is made to copending application Serial No.
563,923, filed September 28, 1983 for Method of Enhanc-

contrast enhancement layer with a mixture of toluene and
anisole.

ing the Contrast of Images and Materials Therefor which is 5 Among the photoresists which can be used in the
a continuation-in-part application of Serial No. 438,194, filed practice of the present invention, for example, are compos-
November 11, 1982, now abandoned. Reference is aiso ites consisting of a CEL layer, having a thickness of about
made to European Patent Application 85115764.4, for 0.2 to 1.0 microns, in combination with other photoresist
Photolithographic Method. layers such as a positive novolak resist having a thickness
170  of about 0.1 to 1 microns and a polymethylmethacryiate
Background of the Invention layer, having a thickness of 1-3 microns.
In instances where polymethylmethacrylates are utilized
As taught in copending application Serial No. 536,923, in the photoresist layer, there can be used, for example,
significant advantages can be achieved in photolithographic Eivacitee 2041 and 2010 of the DuPont de Nemours
methods by utilizing a contrast enhancement layer (CEL) on 15 Company, Wiimington, Delaware; KTl standard PMMA re-
a photoresist substrate. For example, an improvement in sist, etc. The PMMA resist can be utilized in combination
wall profiles and problems associated with reflections and with an absorbant dye such as the 1,3-propane diol diester
defraction effecis are substantially minimized. of  methyl{p-diethylaming-a-cyano)cinnamic  acid or
Although valuable results have been achieved from coumarin. The PMMA resist layer can be applied onio a
using CEL with photoresist in photolithographic methods, 20 substrate such as a silicon substrate or glass substrate in
experience has shown that the removal of the CEL residues the form of a spin castable mixture, comprising 100 parts of
with organic solvent from the photoresist after the an inert organic solvent, for example, toluene, chloroben-
photolithographic composite has been initially exposed, can zene, methylisobutylketone, etc., where there can be utilized
result in the alteration of the underlying photoresist layer. in 100 parts of the organic soivent, 1-15 parts of the PMMA
some instances, the underlying resist layer can be com- 25  and .01-1.0 perts of the absorbant dye.
pletely removed, or a relief pattemm can be prematurely Among positive photoresist compositions which can be
formed in the photoresist layer prior to its development. used in the practice of the invention, there are included
Halogenated hydrocarbons, such as trichloroethylene or novolak resins modified with naphthoquinonediazides as
chliorobenzene, have been found effective if the photolithog- shown in the chemical behavior of positive working systems
raphic composite is immersed info the solvent for a limited 30 by Jeffrey C. Streeter, Eastman Kodak Company, Proceed-
period of time, or if the solvent is applied onto the CEL as a ings of the Microelectronic Seminar Interface 76, pp. 116-
fine spray. However, such halogenated hydrocarbons often -121. A typical reaction for preparing these positive
are restricted due 0 environmental regulations. photoresists is to react the hydroxyl groups on a phenol-
The present invention is based on the discovery that -formaldehyde resin with naphthoguinone-diazide suffonyl
CEL films can be effectively removed from photolithographic 35 chloride. The most common solvents used in the novolak
composites without substantially altering the underlying positve resists are 2-ethoxyethylacetate and 2-
photoresist substrate by freating the surface of the CEL with -methoxyethylacetate. In  some cases, xylene and
toluene in the form of a mist or by immersing the butylacetate can be incorporated into the solvent system to
photolithographic composite in a mixure of toluene and give various drying and coating characteristics.
anisole for periods of up to 3 minuies. 40 Spin castable mixtures which can be utilized to form
the CEL are more particularly described in copending ap-
Statement of the Invention plication Serial No. 536,923, There can be utilized, for
example, a mixture comprising by weight,
There is provided by the present invention a
photolithographic stripping method which comprises, 45 {A) 100 parts of an organic soivent,
(1) exposing to patierned UV light, a photoresist comprising (B) 1-30 parts, preferably 5-15 parts of an inert organic
a contrast enhancement layer and polymer binder, and
(2) substantially effecting the complete removal of the con- 50 (C) 1-30 parts, preferably 5-15 parts of an aryl nitrone.
trast enhancement layer from the photoresist without sub-
stantially altering or removing photoresist immediately adja-
cent to the contrast enhancement layer, where the removal Aryl nitrones which can be used in the practice of the
of the contrast enhancement layer from the photoresist is method of the present invention {0 make the photobleacha-
effected by spraying the contrast enhancement layer with 55 ble layer are included by the formula
toluene in the form of a mist or immersing or spraying the
O~
(1) Z (CR = CR) cR® = -z
65
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In formula 1, Z is a monovalent group selected from -
(R)a-Q-R*-

or R*, and Z' is a monovalent group selected from -R*(X)
b R, R', R? and R* are monovalent radicals selected from
the class of hydrogen, Ci.g) alkyl, C(1.gy substituted alkyl,
Cs.13) aryl hydrocarbon and Cg.13) substituted aryl hy-
drocarbons. Q is a monovalent, divalent or trivalent atom
selected from the group F, C, Br, I, O, S, N, where a can
have values of 0, 1 or 2. R* is a Cg.13) ary! hydrocarbon or
a Cig.13) substituted aryl hydrocarbon. R® is selected from
the group of substituted or unsubstituted Cg.20)aromatic
heterocyclic compounds incorporating one or more atoms
from the group O, N or S. R* is selected from the group of
Cis-20) aromatic hydrocarbons and X is selected from the
group of halo, cyano, alkyl carbonyl, C.gjalkyl, C1.g) Sub-
stitvted alkyl, Cs-13) aryl hydrocarbon, Cs.13) Substituted
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15

aryi hydrocarbons, or alkoxy carbonyl in any combination for
values of b which can be 0, 1, 2 or 3, n can have a value
of 0, 1, 2, 3 or 4. The above compounds can be prepared
using procedures such as those described in "Methoden
der Organischen Chemie (Houben-Weyl), Vol. 10, part 4 -
(1968), pages 315-4168, or those described in Chemical
Reviews 1 (64), Nitrones, by Jan Hamer and Anthony
Macaluso, pages 476-483.

Various ary!l ring systems with a variety of substituents
may be constructed 1o suit the particular needs of the
optical system employed in the photoimaging process. The
aryl nitrones exhibit extinction coefficients of 2 to 5 x 10*
liter mole ~'‘cm~' and bleach with quantum yields in the
range of 0.1 to 0.5.

For direct-step-on-the wafer systems capable of imag-
ing at 405 nm, the following nitrones have been found to be
particularly usaful,

(R%) N
. ¢
\@\t/c |
(2) H N +/O
c=N
7N

where Ar is a C.13) monovalent aromatic organic radical
or substituted Cs.13) monovalent aromatic organic radical
and n is equal to 0 or 1. Included among this subclass of p-
-aminoary! nitrones, are heterocyclic compounds such as

(3)

Suitable binders for use in providing a spin castable
mixture for the formation of a photobieachable layer incor-
porating the aryl nitrones of formula (1) are: vinyl acetate
polymers (homopolymers and copolymers) and their partially
saponified products (e.g., poly{vinylacetatevinylalcohol),
copolymers of styrene or its derivatives, polymers and
copolymers of acrylate or methacrylate esters, acetal resins,
acryionitrile/butadiene copolymers, ethyl cellulose and other
hydrocarbon-soluble cellulose ethers, cellulose propionate
and other hydrocarbon-soluble cellulose esters, poly-
(chioroprene), poly(ethylene oxide), polyvinylpyrrolidone).
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H Ar
o
Y/
C=N
/
H 2N

Suitable solvents for use in providing a spin castable
mixture 0 form the photobleachable layer which incor-
porates the aryl nitrone of formula (1) are: aromatic hy-
drocarbons (e.g. toiuene, xylenes, ethyl benzene, chioroben-
zene) with or without alfiphatic hydrocarbons (e.g. cyclohex-
ane), halogenated aliphatic compounds (e.g. trich-
lorosthylene, methy! chioroform, alcohols (e.g. propanol, bu-
tanol).

Diaryl nitrones of formula 2, where R* is CH.CH,- and
n = 0 have been found to be particularly useful. For
example, a-(4-diethylaminophenyl)-N-phenyinitrone, was
found to absorb strongly at 405 nm, and it bleaches to near
transparency with high efficiency at the same wavelength
by undergoing unimolecular cyclization to an oxaziridine. It
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is very soluble in solvents of moderately low polarity (e.g.,
toluene, ethylbenzene) and forms good films at high loading
densities with a variety of polymers such as polystyrene,
poly(hydroxyethylmethacrylate), poly-«-methylstyrene, poly-
{methylmethacrylate), polyvinylpyrrolidone,
vinylpyridine/styrene copolymers and allyl alcohol/styrene
copolymers. In additon, a-(4-diethylaminophenyi)-N-
-phenyinitrone has an extinction coefficient to weight ratio of
130 liters/gram-cm at 405 nm. It can be formed into a
contrast enhancing layer by forming a 8% solution in
toluene with styrene/allyl alcohol copolymer as a binder.

In the practice of the method of the present invention,
a composite photoresist structure can be made by initially
spin casting in a conventinal manner, a polymethyi-
methacrylate resin onto a suitable substrate such as a
silicon substrate, for example, a silicon wafer, utilizing a
solution of the polymethylmethacrylate resin in an organic
solvent such as toluene, which also can contain an absor-
bant dye as previously indicated. There can be used a

mixture of 100 parts of the organic solvent, 1-15 pars of .

the PMMA and .01 to 1 part of absorbant dye.

After the PMMA layer has been spun onto the surface
of the substrate, it can be baked to a temperature of 140-
-200°C to produce a polymethyimethacrylate resist layer
having a thickness of from 1-3 microns. A positive
photoresist then can be applied to a thickness of from about
0.1-1.0 microns. The positive photoresist, which can be a
novolak resin modified with naphthoquinonediazide utilized
in a solvent, such as 2-ethoxyethylacetate or 2-
-methoxyethylacetate, or in some cases xylene and
butylacetate, also ¢can be spun onto the PMMA surface to a
thickness of about 0.5 microns. The positive novolak resist
then can be baked at a temperature in the range of 70-
-90°C for a period of 1-30 minutes. The contrast enhance-
ment layer can be spun onto the surface of the positive
photoresist to a thickness of about 0.2 to 1.0 microns.

Exposure of the photolithographic composite can be
accompiished with a mercury arc lamp having an intensity
of 100 mw/cm? and a wavelength of from 360-40 nm for a
period of from 0.3 t0 1 second. The contrast enhancement
layer composite photoresist layer can be exposed simulta-
neously using a printer operating at the appropriate
wavelength. The removal of the contrast enhancement layer
can be achieved by spraying the CEL with toluene in the
form of a mist. The surface of the CEL, for example, can be
treated with toluene from an aspirator which has been
adjusted to produce a mist. In instances where an immer-
sion technique is appropriate, a mixture of toluene and
anisole can be employed utilizing from 15 to 50 parts of
anisole per part of toluene. However, if the weight percent
of anisole in the anisole toluene mixture is less than 15%, a
spray trechnique is preferred.
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In order that those skilled in the art will be better able
o practice the invention, the following example is given by
way of illustration and not by way of limitation. All parts are
by weight.

Example 1

Silicon wafers were coated at 5,000 rpm with Shipley
1450B photoresist, which uses a novolak as the base resin,
and baked for 7 minutes at 85°C. The resulting silicon
wafers coated with red novolak films were then coated with
a contrast enhancing layer (CEL) using a solution contain-
ing 8% by weight of a «-(4-diethylaminophenyi)-N-
-phenyinitrone and 8% by weight of an allyl alcohot styrene
copolymer in ethyl benzene. The resulting wafers having a
yellow CEL coating on their surface were then exposed
using an Optimetrix 8010 stepper with a matrix of expo-
sures.

The above coated wafers were then treated with var-
ious organic solvents to effect the removal of the yellow
CEL layer without substantially altering the red novolak
layer. Removal of the CEL layer would be effected if the
yellow color of the CEL were eliminated from the suriace of
the resulting wafer. The appearance of a relief patiemn in the
red novolak layer would indicate that the solvent treatment
had altered the surface characteristics of the novolak layer
rendering it unsuitable. In instances where the immersion
time of the wafer and the organic soivent exceeded an
acceptable limit, partial or complete removal of the novolak
from the silicon wafer was observed. Unless otherwise
indicated, the wafer was immersed in the organic solvent for
a perio of about 2 minute to effect the removal of the CEL.
When generating a 20 psi nitrogen gauge pressure on an
organic solvent mist there was used a Positive Photoresist
Developer of Veeco Instrument Inc., of Plainview, New
York. A satisfactory removal of the CEL would be shown if
the organic solvent treatment did not result in a relief
pattern and the novolak resist layer remained substantiafly
intact.

The following results were obtained where "CEL Re-
moved” means that no trace of the CEL was observable on
the silicon wafer, "Relief Pattern Formed” means that there
was a clear image of a pattern in the surface of the novolak
film as a result of exposure to the UV light and "Resist
Removed” means a partial or complete removal of the
novolak from the silicon wafer.

Solvent Systems Examined as CEL Strippers
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Solvent

acetonitrile
n-propancl

n-butanol

benzyl alcohol
dioxane

acetophenone

benzyl acetate
methyl benzoate
methyl salicylate
anisole

Xxylenes

toluene
l,1,1-trichloroethane
dichloromethane
trichloroethylene
chlorcocbenzene

5% benzyl alcohol/toluene

509% n-butanol/toluene

5% ethoxyethanol./toluene

33% methylethylketone/toluene

50% methvlisobutvlketone/tclus2ne
methylLlisoputyikeTone/toluene
methylisobutvlketone/toluene
5% methyliscbutylketone/toluene

z1%;

)
10%
109 methvlisobutylketone,/tri -

chloroethylene
209% cyclohexanone/toluene

20% cyclohexanone/trichloroetiiylene

% propylene carbonate/toluene
50% dioxane/trichloroethylene
50% dioxane/toluene
50% anisole/toluene
25% anisole/toluene
15% anisole/toluene
23, anisole, toluene

*leaves residue if not soraved i

**resist would not develop

The above results show that with the exception of
toluene, or a 5% solution of anisole in toluene which were
applied in the form of a mist, or a mixture of anisole and

55
foluene, none of the halogen-free organic soivents were
satisfactory for the removal of CEL from the novolak sur-
face.

Claims 60
1. A photolithographic stripping method which comprises,
65

{1) exposing to patterned UV light, a photoresist comprising
a contrast enhancement layer and

(2) substantially effecting the complete removal of the con-
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frast enhancement layer from the photoresist without sub-
stantially altering or removing the photoresist immediately
adjacent to the conirast enhancement layer, where the
removal of the contrast enhancement layer from the
photoresist is effected by spraying the contrast enhance-
ment layer with toluene in the form of a mist or immersing
or spraying the contrast enhancement layer with a mixture
of toluene and anisole.

2. A method in accordance with claim 1, where the upper
photoresist layer is a novolak-based resist.

3. A method in accordance with claim 1, where the contrast
enhancement film comprises an aryl nitrone and an inert
organic polymer binder.
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4. A method in accordance with claim 3, where the contrast
enhancement layer comprises an a-(4-diethylaminophenyl)-
-N-phenyinitrone and a styrene/allyl alcohol copolymer.
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